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The expression of microRNA 198 which is localized in human chromosome 13q13.3 is downregulated in
many malignant tumors. The purpose of this study is to investigate the regulatory effects of microRNA
198 on non-small cell lung cancer and the associated regulatory mechanism. The expression levels of
microRNA 198 in non-small cell lung cancer cell lines and tumor tissues were determined using the reverse
transcription polymerase chain reaction method. Overexpression of microRNA in adenocarcinomic human
alveolar basal epithelial cells, non-small cell lung cancer cells and cell proliferation in each group were
measured with the cell counting kit-8 method. Cell migration was determined with a cell scratch test, while
transwell assay was used for the determination of cell migration and invasion capacities. Bioinformatics
website was used to predict microRNA 198 target genes and verified with double luciferase assay. Western
blot method was used to assay the protein expression level of toll-like receptor 4 in the cells and the effects
of overexpression of microRNA 198 on the regulation of cell proliferation and migration by microRNA
198. The expressions of microRNA 198 in non-small cell lung cancer cell lines and tissues were significantly
downregulated. However, overexpression of microRNA 198 through transfection significantly inhibited
the proliferation, migration and invasion of lung cancer cell lines adenocarcinomic human alveolar basal
epithelial cells and non-small cell lung cancer cells and directly targeted and inhibited the expression of
toll-like receptor 4. Overexpression of toll-like receptor 4 reversed the regulatory effect of microRNA 198
to some extent. MicroRNA 198 inhibits the proliferation, migration and invasion of non-small cell lung
cancer cells by targeting toll-like receptor 4, thereby playing the role of tumor suppressor gene in the
development of non-small cell lung cancer.
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Lung cancer is a common clinical malignancy with high
morbidity and mortality worldwide. Non-small cell
lung cancer (NSCLC) accounts for more than 80 % of
all lung cancer cases. At present, the traditional clinical
treatment for lung cancer is surgical resection combined
with chemoradiotherapy. However, because most
NSCLC cases are diagnosed at an advanced stage, the
tumor cells have already metastasized. Moreover, since
some patients have low sensitivity to chemotherapy,
the overall therapeutic outcome for NSCLC is poor,
resulting in low 5 y survival of patients!!). Therefore, an
in-depth study of the molecular mechanism involved in
the pathogenesis of NSCLC and its metastasis and the
development of new molecular markers for diagnosis
and treatment of lung cancer are of great significance
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for improving the clinical treatment efficacy of NSCLC
patients and for prolonging their survival.

Tumorigenesis is a process involving the abnormal
expressions of various oncogenes and the inactivation
of tumor suppressor genes. In recent years, studies
on the regulatory effect of microRNA (miRNA) on
tumors have attracted the interest of researchers.
The miRNAs are endogenous single-stranded non-
coding RNAs which are about 18-25 nucleotides in
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length with regulatory effects on about 30 % of gene
expression in humans!*’l. The expression of miRNAs
is tissue-specific, conservative and spatiotemporal,
i.e., different tissues have different miRNA expression
profiles. Moreover, the expressions of miRNAs differ
within the same tissues at different development
stages and different physiological and pathological
states!**!. Several studies have confirmed that miRNA
is involved in the pathogenesis of NSCLC and that they
play important regulatory roles in cell proliferation,
differentiation, apoptosis and invasion.

Studies have shown that the expression of MicroRNA
198 (miR-198) which is localized in human
chromosome 13q13.3, is downregulated in many
malignant tumors such as gastric cancer!®, thyroid
cancer” and liver cancer®. Thus, miR-198 usually
plays the role of the tumor suppressor gene. However,
some studies have reported that the expression of miR-
198 is upregulated in some malignant tumors, implying
that it may play different regulatory roles in different
tissues. There are limited reports about the effect of
the miR-198 expression on NSCLC. In this study,
reverse transcription polymerase chain reaction (RT-
PCR) was used to discover that miR-198 expression
was downregulated in NSCLC cell lines. Following
the establishment of stable overexpression of
miR-198 cell lines through cell transfection, it was
observed that the proliferation, migration and invasion
ability of cells were significantly reduced through a
mechanism involving inhibition of toll-like receptor 4
(TLR-4) expression.

MATERIALS AND METHODS

Cell culture:

The NSCLC cell lines adenocarcinomic human alveolar
basal epithelial cells (A549), human pulmonary
mucoepidermoid  carcinoma cell line (H292),
hypotriploid human cell line (H460) and non small cell
lung cancer (H1703) and normal bronchial epithelial
cell line (16-HBE) were purchased from American
type culture collection (ATCC) in the United States of
America. All tumor cells were cultured in roswell park
memorial institute medium (RPMI) medium containing
10 % fetal bovine serum, 100 U/ml penicillin and
100 mg/ml streptomycin in a 5 % CO, incubator at 37°.

Reverse transcription polymerase chain reaction:

Total RNA was extracted with Trizol reagent and
complementary DNA was obtained by reverse
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transcription. Then, the SYBR Green method was
used for RT-PCR. The reaction conditions were 95° for
5 min and 40 cycles of 95° for 30 sec and 55° for
30 sec. The housekeeper gene glyceraldehyde
3-phosphate dehydrogenase (GAPDH) was used as the
internal reference and each test was done in triplicate. A
standard curve was drawn and the expression level of the
target gene was determined using the 2 method. The
sequences of the primers used were miR-198: Forward:
5'-GAATTTCGATGACGTCCATTGTCTTGG-3";

reverse: 5'-GGTACCGTAAAACTGCAGCGT
AGTTGC-3', GAPDH: forward:
5'-AAGGTCGTACCCGGGTGCG-3Y reverse:

5'-TGAAGGCTGTTGAGCTAGC-3'.
Cell transfection:

Cells in the logarithmic growth stage were inoculated
into a 6-well plate at a density of 1x10° cells/well.
When the cells grew to about 80 % confluence, cell
transfection was carried out. The operation process was
strictly following the instructions of the Lipofectamine
3000 transfection kit. The target plasmid was dissolved
in an appropriate amount of medium. Then, diluted
Lipofectamine 3000 was added to each well, gently
shaken and carefully mixed and then cultured in a
5 % CO, incubator at 37°. The transfection efficiency
was verified with RT-PCR. The cells were divided into
blank groups and miRNAs-neighboring cells (miR-
NC) combined the miR-198 mimics group.

Cell proliferation assays:

Cell growth in each group was determined with the cell
counting kit-8 (CCK-8) method. Cells in the logarithmic
growth stage were digested and made into a single-
cell suspension. The cells were counted and seeded in
96-well plates at a density of 1x10° cells/well. Then,
10 pl CCK-8 solution was added to each well and the
cells were further cultured. The optical density of cells
was measured at 450 nm at the start and subsequently at
1,2, 3 and 4 d. Three replicates were used for each well.

Clone experiment:

Cells in a good growth state were inoculated into a
6-well plate at a density of 5x10° cells/well and then
cultured in a cell incubator. The medium was changed
every 2-3 d and visible clonal cells were formed about
2 w later. After washing with phosphate buffered
saline (PBS) buffer, the cells were fixed with 4 %
paraformaldehyde, stained with 0.1 % crystal violet
solution and photographed.
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Cell migration and invasion assays:

Matrigel was diluted with a serum free medium and
added to the matrigel chamber in the transwell
chamber. The cells of each group were inoculated in
a small chamber at a density of 1.5x10° cells/well. A
serum free medium was added in the upper chamber,
while a complete medium (600 1) was added to the
lower chamber. The cells were cultured in a constant
temperature incubator. After 24 h, the chamber was
taken out, washed with PBS solution, fixed with
methanol for 30 min and then stained with crystal violet.
Five fields were randomly selected for observation in
each well and 3 replicates were used for each well.

Double luciferase assay:

The well-grown cells were inoculated into a 6-well plate
at a density of 5x10° cells/well. Then, TLR-4 fragments
were inserted into the luciferase vector to construct
TLR-4 three prime untranslated region (3'UTR) wild-
type and mutant plasmids, which were co-transfected
with miR-198 mimics and miR-NC respectively and
then cultured in a carbon dioxide incubator for 48 h.
Luciferase activity in each group was assayed with a
luciferase reporter assay kit. Three replicates were used
for each well.

Western blotting:

The cells were lysed with radio-immunoprecipitation
assay (RIPA) cell lysing kit, followed by centrifugation
and the protein contents of the lysates were measured
with bicinchoninic acid (BCA) kit. Equal amounts of
protein samples (50 pg) were subjected to 10 % sodium
dodecyl sulphate-polyacrylamide gel electrophoresis
and transferred to polyvinylidene difluoride membrane
which was subsequently blocked with 5 % skimmed
milk powder for 2 h. Then, the membrane was
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incubated with TLR-4 primary antibody (diluted
1:1000) overnight at 4°, followed by incubation with
horse radish peroxidase-labeled sheep anti-rabbit
secondary antibody (diluted 1:500) at room temperature
for 2 h. Thereafter, the 3,3'-diaminobenzidine (DAB)
chromogenic solution was added for color development
and protein strip images were obtained using a gel
imaging system for gray level analysis.

Statistical analysis:

Statistical analysis was done with statistical package
for the social sciences (SPSS) 22.0 statistical software.
Data are expressed as meanzstandard deviation (X+s).
A comparison between two independent samples was
carried out with a t-test. Values of p<0.05 were taken as
indicative of the statistical significance of differences.

RESULTS AND DISCUSSION

In order to determine the expression of miR-198 in
NSCLC cell lines and clinical tissue samples, RT-PCR
was used. The highest degree of downregulation was
found in A549 and H1703 cells. Similarly, miR-198
expression in tumor tissues was significantly lower than
that in para-cancerous tissues (p<0.05), indicating that
miR-198 was downregulated in NSCLC. These results
are shown in fig. 1.

The relative expression level of miR-198 in each group
was determined with RT-PCR. As shown in fig. 2,
the expression levels of miR-198 mimic in A549 and
H1703 cells were significantly lower than that of the
miR-NC (negative control) group (p<0.05), while there
were no significant differences in the expression levels
of miR-198 between the miR-NC groups and the blank
groups (p>0.05), indicating successful transfection.
Plate clonal formation experiments showed that the
number of clones of both cells decreased significantly

vo)

1.5-
c
S
w
2 1.0 T
e
(=%
- *
@
(==]
i"-. 0.5+
o
£

0.0 .

16-HBE A549 H292 H460 H1703

Fig. 1: miR-198 was downregulated in NSCLC, (A) The mRNA expression of miR-198 in normal and tumor tissure; (B) The mRNA

expression of miR-198 in NSCLC cell lines
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after overexpression of miR-198 (p<0.05), suggesting
that miR-198 inhibited the proliferation of the NSCLC
cells.

Transwell assay was further used to determine the
migration and invasion of cells in each group. The
results showed that the average number of cells
migrating and invading in the miR-198 mimics groups
was significantly lower than that in miR-NC groups
(p<0.05). This further confirms that miR-198 inhibited
the migration and invasion of NSCLC cells (A549 and
H1703). These results are shown in fig. 3.

5 h

miR-198 mimics

The target genes of miR-198 were predicted with
the bioinformation prediction websites TargetScan
and miRanda and the binding sites of 3'UTR of
TLR-4 and miR-198 were found. However, they
had no significant effect on the luciferase activity of
mutant plasmid (p>0.05), indicating a direct targeted
regulatory relationship between miR-198 and TLR-4,
as shown in fig. 4A. Western blot results showed that
overexpression of miR-198 significantly inhibited
protein expressions of TLR-4 in NSCLC cells (p<0.05)
(fig. 4B). Furthermore, TLR-4 expression in clinical
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Fig. 2: Effect of miR-198 on NSCLC cell proliferation, (A) Results from plate clonal formation experiments showed the expression
levels of miR-198 mimic in A549 and H1703 cells; (B) The mRNA expression levels of miR-198 mimic in A549 and H1703 cells
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Fig. 3: Effect of overexpression of miR-198 on the migration and invasion of NSCLC cells, (A) Effect of overexpression of miR-198
on the migration of NSCLC cells; (B) Effect of overexpression of miR-198 on the invasion of NSCLC cells
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tissue samples was analyzed. Western blot results
showed that TLR-4 expression in tumor tissues was
significantly higher than that in adjacent normal tissues
(p<0.05) (fig. 4C). Pearson's correlation analysis
showed that miR-198 was negatively correlated with
protein expression of TLR-4 in tissue samples (p<0.01)
(fig. 4D).

The TLR-4 was further overexpressed in A549 cells
in the miR-198 mimics group. As presented in fig. 5,
results from CCK-8 and Transwell assays showed
that overexpression of TLR-4 resulted in significant
enhancement of the inhibition of proliferation,
migration and invasion of A549 cells, when compared
with the miR-198 mimic groups (p<0.05). This indicates
that overexpression of TLR-4 reversed the regulatory
effect of miR-198 to some extent.

Lung cancer occurs mainly due to environmental
factors such as chemical, physical and viral carcinogens
which cause DNA mutations or sequential activation
of oncogenes and/or inactivation of tumor suppressor
genes. They may also change the expressions of gene

products, thereby causing malignant transformations in
cells®). The miRNAs are a class of highly conserved
single-stranded non-coding small molecular RNAs
that inhibit the translation of target gene mRNA from
the post-transcriptional level by complementing and
pairing with the 3'-UTR of specific downstream target
gene mRNA!Y, In recent years, more and more studies
have confirmed that miRNA is differentially expressed
in various malignant tumors and it affects tumor growth,
invasion and metastasis, angiogenesis and sensitivity
to radiotherapy. A variety of miRNAs are involved in
the regulation of the occurrence and progression of
NSCLCs. These miRNAs have important potential
values in the early diagnosis, treatment and prognosis
of NSCLC.

Studies have shown that miR-198 exerts a specific
tumor inhibitory effect on a variety of cancers. The
expression of miR-198 is downregulated in cervical
cancer, while overexpression of miR-198 significantly
reduces the proliferation, migration and invasion ability
of cervical cancer cells through a mechanism involving
targeted expression of mitogen-activated protein kinase
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Fig. 4: Direct targeting of TLR-4 by double miR-198, (A) Binding sites of TLR-4 and miR-198 in 3'UTR; (B) TLR-4 protein
expression in overexpressing miR-198 NSCLC cells; (C) TLR-4 expression in clinical tissue samples; (D) Correlation analysis

between miR-198 and TLR-4 protein expression in tissue samples
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Fig. 5: Effect of TLR-4 on the regulatory influence of miR-198 on NSCLC cell proliferation, migration and invasion

1 (MAPKD)!. Li et al. have shown that miR-198
inhibited the proliferation of breast cancer cells and
promoted their apoptosis by targeting the expression
of CUB domain-containing protein 1 (CDCPI)!.
Wang et al. found that miR-198 expression in
colorectal tumor tissues was significantly lower than
that in adjacent normal tissues and its expression was
significantly correlated with the patients survivall!®,
Other studies have reported that miR-198 reduced
the migration and invasion of osteosarcoma cells by
targeting Rho associated coiled-coil containing protein
kinase 1 (ROCK1) expression!'*.

It is known that TLR-4, a type I transmembrane
receptor on the cell surface, belongs to the toll-like
receptor family which is widely expressed on various
immune cells!’®!. Lipopolysaccharide and the anti-
tumor drug paclitaxel are specific ligands for TLR-4
and TLR-4 also recognizes endogenous ligands such
as heat shock protein (HSP), fibrinolytic protein and
hyaluronic acid oligosaccharides!'®'”). Some recent
studies have confirmed that the high expression of
TLR-4 is closely related to tumor metastasis and drug
resistance. Liu et al. found that the expression level of
TLR-4 in postoperative specimens of NSCLC patients
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was significantly higher than that in patients with
benign lesions and its expression level was closely
related to lymph node metastasis and tumor
differentiation!". Yeh er al. overexpressed TLR-
4 in lung cancer cell lines and observed enhanced
proliferation and reduced apoptosis of the cells and
further studies found that TLR-4 enhanced vascular
endothelial growth factor (VEGF) expression!'”!,

In this study, it was found that the expression of miR-
198 was significantly upregulated in tumor tissues
and cell lines of NSCLC patients, indicating that
miR-198 is involved in the pathogenesis of NSCLC
and may be a tumor suppressor gene. The degree of
downregulation was highest in A549 and H1703 cells.
Therefore, these two cell lines were selected for use
in subsequent studies. Overexpression of miR-198 in
A549 and H1703 cells were successfully stabilized via
liposome transfection. The proliferation, migration and
invasion of A549 and H1703 cells were significantly
reduced after overexpression of miR-198, when
compared with the control group, indicating that miR-
198 inhibited the proliferation, migration and invasion
of NSCLC cell lines. Results from the application
of bioinformatics software revealed that miR-198
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had complementary binding sites for TLR-4 3'URT.
Double luciferase experiments confirmed that miR-
198 inhibited luciferase activity of wild-type plasmids,
while overexpression of miR-198 reduced the protein
expression of TLR-4 in A549 cells. Analysis of clinical
samples revealed a negative correlation between miR-
198 and TLR-4 protein expression, thereby further
confirming the targeted inhibition of TLR-4.

In summary, miR-198 is downregulated in NSCLC,
while overexpression of miR-198 significantly inhibits
the proliferation, migration and invasion of NSCLC
cells through a mechanism most likely involving
targeted inhibition of TLR-4 expression. These findings
suggest that miR-198 has the potential for use as a
marker for the diagnosis and treatment of NSCLC.
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